objective To estimate whether WHO's End TB Strategy targets can be achieved by analysing the incidence trend of pulmonary tuberculosis in Shanghai during 1992-2016.
Introduction
Tuberculosis (TB), caused by the chronic infection of the pathogen Mycobacterium tuberculosis (M. tuberculosis), threatens people's health worldwide and it is one of the five leading causes of total years of life lost in 2016 [1] . According to a WHO estimate, 10.4 million people fell ill with TB and 1.6 million died from it in 2016. TB was the ninth leading cause of death as well as the leading cause from a single infectious agent, ranking above HIV/ AIDS [2] . In China, surveys have documented the gradual decline of the TB epidemic due to several national tuberculosis control programs and the efforts made by the government during the past decades [3] [4] [5] . However, TB remains a major public health problem in China, contributing 56% of total global cases in 2016 together with other four countries.
In 1999, Shanghai was the first city in China to implement the new 'Trinity' tuberculosis prevention and control model [6] . This was a network of CDC, designated TB hospitals and community health services and achieved remarkable results, controlling the TB epidemic to a level far below the national one [7] [8] [9] . However, the increase in migrant and ageing populations and of multidrug-resistant tuberculosis (MDR-TB) brought new challenges to public health authorities in Shanghai [10] [11] [12] . According to the 13th Five-Year Plan for the national TB control program, prevention and control should be conducted in different regions and phases [13] , and Shanghai, a highly developed mega-city, plays an important role in TB control. Understanding and mastering the speed and pattern of the TB decline there will provide a scientific basis for further adjusting TB control strategies and achieving the End-TB goals.
Thus, the purpose of this study is to (i) analyse the incidence trend of pulmonary TB (excluding tuberculous pleurisy) in Shanghai during the period 1992-2016 through long-term monitoring data with a view to forming the basis for further improvement of tuberculosis control strategies, and (ii) to estimate whether the targets of WHO's End TB Strategy can be achieved by 2035.
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Methods

Materials and sources of data
We obtained data of TB cases in Shanghai 1992-2016 from the national TB patient registration system. After removing duplicate records, confirmed pulmonary tuberculosis (excluding tuberculous pleurisy) cases of Shanghai residents were included. The mid-year population by gender was estimated based upon the population numbers at the ends of two consecutive years provided annually by the Shanghai Municipal Bureau of Public Security and used as an estimate of the annual average population.
Age-standardisation
Pulmonary tuberculosis and population data were organised into 5-year age groups, up to 85+. We calculated age-standardised rates per 100 000 for each year (1992-2016) using the direct method, based on the standardised population data from the 2010 census and age-specific crude rates. Microsoft Excel 2016 was used to calculate age-standardised rates by gender.
Annual percentage change (APC)
In this study, the statistical indicator APC was used to express the degree of relative change in the time trend of the incidence rate. Y is used to indicate the natural logarithm of the incidence, ie, y = ln (rate). y is used as the dependent variable, and x (year) as the independent variable to fit the linear model y = a+bx+e, where a is the constant term, b is the regression coefficient and e is the random error term. APC, expressed as a percentage, can be estimated from the regression coefficient by APC = 100* (e b À1). A statistical test was performed by checking whether the regression coefficient b is equal to 0 and a P-value of <0.05 was considered statistically significant. The use of a natural log-linear model enabled the analysis of a constant percentage change in rate over time. The regression analysis was performed in IBM SPSS Statistic 21.0.
Statistical analysis
The overall and gender-specific incidence rates, crude and age-adjusted, of pulmonary TB were calculated annually to describe the epidemic during the study period in this city. Linear regression was applied to analyse the trend of tuberculosis epidemic during the past 25 years, together with the statistical indicator of annual percentage change (APC) on the gender-specific rate as well as the whole population rate.
Results
Overall situation of pulmonary tuberculosis
From January 1, 1992 to December 31, 2016, a total of 102 527 pulmonary TB cases (excluding tuberculosis pleurisy) were reported in Shanghai, of which 73.42% (75 277) were male patients. Between 1992 and 2016, the incidence of pulmonary TB declined significantly. The overall crude incidence rate per 100 000 decreased by 1.3% from 36.3 in 1992 to 25.8 in 2016 (t = À8.952, P < 0.05), while the age-standardised rate decreased from 34.8 to 21.2 or by 2.1% annually (t = À13.258, P < 0.05) ( Table 1 ).
Epidemic change in pulmonary TB by age and gender
The mean age of cases was 50.88 AE 19.15 years and the highest proportion was in age group 50-54, which accounted for 8.6% (8774) of all cases, followed by age group 45-49 (8.4%, 8627) and age group 70-74 (8.3%, 8512). There were two peaks in the average incidence of the total population: 30.9/100 000 in age group 20-24 and 66.4/100 000 in age group 70-74. The average incidence rate was much higher in males than females, especially in older groups, as the gap gradually increased with age. For males, the incidence rates of group 65-69 and older exceeded 86/100 000 and reached 118.8/100 000 in group 80-84, while for females, the incidence rates in all groups were quite stable with the peak in group 70-74 at 24.7/100 000 ( Figure 1 ).
Findings by gender show that the crude incidence rate per 100 000 of tuberculosis decreased by 30.5% (from 53.4 to 37.1) in males and by 23.2% (from 19.0 to 14.6) in females, or by 1.5% (t = À9. 764, P < 0.05) and 0.80% (t = À5.013, P < 0.05) per year, respectively. The agestandardised rate in males declined from 51.3/100 000 in 1992 to 28.9/100 000 in 2016, giving an overall decrease in 43.7% with an annual declining rate of 2.5% (t = À14.983, P < 0.05). In females, the overall decrease in age-standardised rate was 28.5% (from 18.6/100 000 to 13.3/100 000) and the annual declining rate was 1.3% (t = À7.481, P < 0.05). The overall level of the epidemic in males was higher than that in females at all years, with both higher decline rate and annual declining rate, while the epidemic in females showed a relatively flat trend with a smaller decline ( Figure 2 ).
Composition of pulmonary TB patients
During the 25 years, the constituent ratio of smear-positive pulmonary tuberculosis ranged from 35.9% to 47.8% without rising or decreasing trend (P = 0.065), among which the proportion was high from 2002 to 2013 (all over 40%). The constituent ratio of smear-negative cases did not show a trend of increase or decrease (P = 0.379) either. Excluding 49.7% in 2008, the proportions in the remaining years were all above 50%. In all cases, the constituent ratio of new cases increased from 81.7% to 89.3% and the ratio of new/retreated cases continued to rise and eventually reached 8.36:1 in 2016. Similarly, the ratio reached 13.02 in the smear-negative group and 4.71 in the smearpositive group, with the ratio increase being larger in smear-negative cases, as shown in Figure 3 .
Epidemic change in pulmonary TB at different periods As Figure 4 shows, the decline of incidence during the past 25 years can be divided into four stages: 1992-1995, 1995-1999, 1999-2003 and 2003-2016 . Except for period 2, the annual decline rate of age-standardised incidence was 5.2%, 5.4% and 1.1%. After the resurgence in period 2, the decline rate in the third period was relatively rapid, after which the epidemic remained at a stable level with a lower annual declining rate.
At an annual declining rate of 1.1%, the incidence rate per 100 000 in Shanghai will drop to 20. 
Discussion
Our study found that the overall annual percentage change was 2.15% during two decades. After a Incidence rate (/100 000) Crude incidence rate (/100 000)(male) Age-standardized incidence rate (/100 000)(male) Crude incidence rate (/100 000)(female) Age-standardized incidence rate (/100 000)(female) Since then the decline has remained at a stable level of 1.1% p.a. The age-standardised rate in males declined more rapidly than in females.
Change in TB epidemic in Shanghai
Reviewing the epidemic of TB in Shanghai over past 25 years, we can see that there is a downturn trend at the beginning since almost no program was implemented and the monitoring system was not well-established. Although TB control has been a part of China's public health program since the 1950s, the programs in most provinces were not functioning well before 1991 [14] . Then the Chinese government implemented a major tuberculosis control project based on the directly observed treatment, short-course (DOTS) strategy, as part of the country's 10-year plan to control the TB epidemic on a large scale. The new project, funded in part by a World Bank loan of US$ 58 million with a technical assistance by WHO, covered half of China's population in 13 provinces in the 1990s and expanded to the entire population afterwards [3, 15] . A great effort was made by the government to control and prevent TB. A resurgence rate of 2.1% p.a. seemed to appear between 1995 and 1999 under the influence of national and international tuberculosis control programs and promotion of DOTS strategy nationwide. However, we do not consider it a true resurgence of incidence, but an increase related to the enhanced patient registration and notification system in Shanghai due to the effectiveness of those programs. Experience in similar metropolitan cities such as New York and London has shown that underfunding and fragmentation of TB services is a major barrier in improving control of TB [16, 17] . Without a solid registration and surveillance system, there were many problems in patient registration, treatment and follow-up, which resulted in the low reported incidence in early 1990. Then, with funding of programs and increased work intensity, more patients were discovered and included in regular treatment, leading to a higher reported incidence. Under a strengthened surveillance system and standardised management, the epidemic began to decline in 1999. At the same time, Shanghai implemented the new 'Trinity' model, which led to a rapid decline of TB incidence between 1999 and 2003. The implementation of this local network consolidated the achievements such that the epidemic can be contained at a lower level than in the rest of the country.
Results by age and gender were consistent with numerous research findings that males comprise a higher proportion of TB patients [18] [19] [20] . Generally, the male/ female (M/F) ratio was over 1 in most countries and increased with age. After age 25, incidence in males is generally 2-3 times higher than in females [21, 22] . Shanghai's data also show that the average incidence rate in males was much higher than in females, especially in older groups, and that the M:F incidence ratio is 3.4:1 overall in age group 60-64 and older. Moreover, since age-standardisation eliminates the impact of ageing on population structure, the more pronounced decrease in the age-standardised incidence rate in males indicates that age has a greater impact on the tuberculosis epidemic in males.
As for the composition of TB patients, the constituent ratios of new cases were all above 80% and the ratio of new/retreated cases continually rose and reached 8.36:1 in 2016 in all cases. This situation suggests that new patients dominated in Shanghai, whereas the proportion of retreatment patients was small, which also indicates that cure and management were effective and that the focus of work should be on newly diagnosed patients in future.
End TB era and epidemic prediction
The End TB Strategy was endorsed by all WHO Member States in 2014 and applies to the period 2016-35. The strategy sets ambitious goals of a 95% reduction in tuberculosis deaths (compared with 2015), a 90% reduction in TB incidence (<10 cases per 100 000 population) and no affected families facing catastrophic costs due to TB by 2035 [23, 24] . For tuberculosis incidence rates, milestones on percentage and absolute reduction that need to be achieved before 2035 are also proposed for 2020 (20%, <85/100 000), 2025 (50%, <55/100 000) and 2030 (80%, <20/100 000) [25] . Since the incidence per 100 000 in China was 67 in 2015 [26] , it needs to decline to 53.6 in 2020, 33.5 in 2025, 13.4 in 2030 and 6.7 in 2035 to meet the decline percentage proposed by the Strategy. We predict TB incidence rates in Shanghai until 2035 based on the declining rate in period 4, which is the rate under current prevention and control strategies, to compare with the expected targets in China's context. According to the current annual decline rate of TB incidence, the first two milestones can be achieved in Shanghai, but neither the third milestone nor the final goal in 2035. A similar opinion viewing the strategy as mission impossible is expressed in another article, in which the author points out that the goals of the End TB strategy are far too optimistic and that it is unrealistic to imagine the elimination of TB in the near future [27] . In addition, the objective proposed by the 13th Five-Year Plan for the national TB control program also cannot be achieved (<10/100 000 in eastern region), unless the annual decline rate increases to 5.0% between 2015 and 2030. In these circumstances we should consider introducing new technologies and strategies while strengthening prevention and control of the key population. Research on differences between urban migrants and local residents in Shanghai highlights the need of a specific strategy for the migrant population [10] . Other researchers proposed that rapid diagnostic methods should be scaled up among MDR-TB patients to reduce treatment delay [28] , and interventions for infection control among close contacts should be part of policy development [29] . Efforts need to be made to improve acceptability and feasibility of chemoprophylaxis, especially in school-based management, to stem the increasing TB epidemic among pupils [30, 31] . Specific measures should be taken for other key populations such as the elderly over 65, HIV-infected and diabetic comorbid patients, to strengthen prevention and control of TB and to achieve milestones and goals by 2035.
Strengths and limitations
Our analysis of the epidemic trend of tuberculosis in Shanghai in the past 25 years and our prediction of the epidemic provide practical policy implications based on a relatively long time span and reliable data obtained from the national TB patient registration system. The main limitation is that the migrant population was not included due to lack of registration and missing information on migrants in the 1990s. Besides, other factors such as ageing, social economy, drug resistance, HIV comorbidity, etc. were also not considered in the study, although they are proven risk factors for tuberculosis [32] [33] [34] [35] [36] [37] [38] . For example, as drug-resistant TB is hard to cure, the infection is enhanced, the infection period is prolonged and poses a serious threat to a wider range of population, exposing more people to the risk of TB. Combined with factors such as migration and the spread of HIV/AIDS in the population, patient treatment and management as well as TB prevention and control face multiple difficulties that may lead to a more severe epidemic. Despite the lack of specific data, we can assess the impact of these factors on existing outcomes and trends: the incidence will rise unless drug-resistant TB and other factors are controlled. Without due consideration of these factors, the incidence of tuberculosis in Shanghai cannot reach the target of 2035. Even if these factors are taken into account, the gap Milestones and goals in End-TB Strategy Figure 5 Comparison between predicted epidemic in Shanghai and targets in End-TB strategy (using China's TB incidence in 2015 as a baseline).
between incidence and goal still exists -hence prevention and control must be strengthened and new strategies devised to accelerate the decline of TB.
Conclusion
Although the TB epidemic in Shanghai is the lowest in the country and has steadily declined during last two decades, Shanghai continues to face significant challenges from this persistent pathogen and a gap remains to achieve the goal of End TB. New strategies and technologies should be developed to strengthen prevention and control efforts and accelerate the decline of TB to achieve WHO's ambitious targets for 2035.
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